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Abstract 
Cementation is one method to immobilize liquid radioactive waste in order to protect the environment from 
radionuclide release. Rice husk ash (RHA) and fly ash (FA) of a coal fired power plant have been success used as 
pozzolanic materials for several years. The aim of this research is to understand the ability of RHA and FA pozzolan 
on strontium liquid waste cementation process. This research was conducted by mixing strontium liquid waste with 
sand, Portland cement, various water-cement ratios (w/c) and 10v/o of RHA and FA. The cement blocks were tested 
by a pressing machine to determine their compressive strength after cured for 28 days. Strontium leaching rate 
encapsulated on the blocks was analyzed by Hitachi Zeeman 8000 Atomic Absorption Spectrophotometer for 21 
days. The strontium adsorption process of RHA and FA were also analyzed by X-ray Diffraction (XRD). The effect 
of the initial strontium concentration and the flow rate of waste on the adsorption ability of both materials was also 
studied. This research showed that the addition of pozzolanic material increase the compressive strength of mortar. 
The compressive strength of mortar with FA is 158%~253% stronger than RHA one due to the difference of of SiO2 
content and grain size of both materials. The leaching rates of strontium in pozzolan-mortars are lower than IAEA 
standard which FA-mortar is 140% higher than the RHA one due to the adsorption capacity and the content of Na2O 
on both materials. So, the addition of pozzolanic material could improve the quality of strontium liquid waste 
cementation. 
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1. Introduction 
Radioactive waste generated during operation and decommissioning of a nuclear installation needs to 
be treated. One of fission products contained in radioactive waste is strontium that is a long-lived fission 
product (28 years) with 6% abundance [1]. In principle, the liquid radioactive waste treatment steps are 
volume reduction and immobilization. The essence of immobilization is waste solidification by mixing 
waste with a solidifier material in order to protect the environment from radionuclide release. One method 
of immobilization is cementation. 
Cement used as a solidifier is a hydraulic cement containing SiO2, CaO, Al2O3 and small amounts of 
MgO, Fe2O3, SO3. There are several types of cement, such as, Portland cement, white cement and 
pozzolanic cement. Pozzolanic material is composed of SiO2, Al2O3, Fe2O3, MgO and SO3. To form 
pozzolanic cement, 15%-40% of pozzolanic materials are added into a Portland cement. High SiO2 
content in pozzolanic material reacts with remaining Ca(OH)2 to form more CSH (tobermorite) that 
functions in cement hardening. 
According to the IAEA Technical Report Series No.222, the concrete resulted from the cementation 
process is required to meet the quality criteria [2]: 
 Density: 1.70~2.50 g/cm3. 
 Compressive strength: 20~50 N/mm2. 
 Compressive strength after waste loading: 2.5 N/mm2. 
 Leaching rate (Rn): 1.70 x 10-1~2.50 x 10-4 g/cm2.days. 
 Dose rate in contact surface: 2 mSv/hr. 
 Dose rate at 1 meter from contact surface: < 0.10 mSv/hr. 
 Dose rate outside of interim storage: 0.005 mSv/hr. 
The Russian Federation standard requires higher compressive strength than IAEA standard (5 N/mm2) 
[1]. 
Rice husk ash (RHA) obtained from the rice husk burning and fly ash (FA) of a coal fired power plant 
contain 95% and ±50% of silica, respectively [3]. In Indonesia, rice is the primary food for the 
community, so RHA is also abundant in Indonesia. Commonly, RHA is only used as a primary or 
additional fuel in the bricks industry, decorating materials or even discarded in animal cages. On the other 
hand, FA is released from a coal fired power plant that can pollute the air around the plant. FA can be 
utilized as mixture in the cement industry, filler in rubber, brick, tile, synthetic zeolite, landfills and heavy 
metal adsorbent. 
 
Nomenclature 
IAEA  International Atomic Energy Agency  
RHA   rice husk ash 
FA  fly ash 
XRD  X-ray diffraction 
ANOVA analysis of variance 
 
Both materials can be classified as one of materials having good pozzolanic properties due to its high 
content of silica. Pozzolanic effect of RHA and FA in the cement mixture has been widely known by 
several researchers [4, 5, 6]. All researches were conducted to be applied as building materials to increase 
its mechanical strength. Therefore, the aim of this research is to provide the added value on both materials 
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and to understand the effect of RHA and FA addition on the strontium liquid waste cementation process 
in order to improve its safety. Utilization of both materials is an important step closer to the criteria of 
green sustainable industries. 
2. Methodology 
This research was conducted by mixing strontium liquid waste (water containing 65 ppm Sr(II)) with -
40 mesh sand, Portland cement, 0.3v/o and 0.4v/o water-cement ratios (w/c) and 10v/o of RHA and FA. The 
cement blocks were tested by a pressing machine having capacity up to 200 kN to determine their 
compressive strength after cured for 28 days. The data were statistically analyzed by ANOVA method 
and compared to the compressive strength of mortar without the pozzolanic material addition.  
For studying the strontium leaching rate, block was immersed on 1 l distillation water for 21 days.  The 
10 ml contaminated water was sampled at day 2, 4, 6, 8, 10, 12, 15, 18 and 21, for analyzing the strontium 
content using Hitachi Zeeman 8000 Atomic Absorption Spectrophotometer. The strontium adsorption 
process of RHA and FA were also analyzed by X-ray Diffraction (XRD). 
The adsorption ability of both materials was also studied by varying the initial strontium concentration 
(50 and 100 ppm). Flow rate of waste pass through a bed of RHA or FA was varied into 10 and 20 ml/m. 
Then the strontium concentration after pass the bed was measured by Atomic Absorption 
Spectrophotometer. The adsorption ability was measured by Eq. 1. 
D = V (S0  S1)/m   (1) 
which, 
D: adsorption ability (mg/g), 
V: waste volume (l), 
S0: initial strontium concentration (ppm), 
S1: strontium concentration after pass the bed (ppm), 
m: mass of RHA or FA (g). 
3. Results 
1. The compressive strength test on various pozzolanic materials at various w/c 
The compressive strength of RHA and FA pozzolanic materials at various w/c is shown in Fig. 1. 
When the results are compared to the compressive strength of mortar without the pozzolanic addition 
(16.645 ± 4.241 N/mm2), this research showed that the addition of pozzolanic material increase the 
compressive strength of mortar except for the FA addition with 0.4v/o of w/c. The figure also showed that 
the compressive strength of mortar is affected by w/c and kind of pozzolanic material. The compressive 
strength of mortar with FA is 158%~253% stronger than RHA one. It is believed that it is affected by the 
difference of SiO2 (as shown in Table 1) content and grain size of materials. As mentioned before, SiO2 
content in pozzolanic material reacts with remaining Ca(OH)2 to form more CSH (tobermorite) that 
functions in cement hardening. Therefore, the higher content of SiO2 produces much more of CSH.  
The grain size of RHA used in this study was -40 mesh that was larger than the FA one. Small grain 
size causes a larger surface area, thus, further increasing the reactivity Pozolan. The smaller grain size 
causes a larger surface area, thus, further increases the Pozolan reactivity. The smaller size causes ash 
dispersed into the mixture of cement paste and makes more homogeneous cement matrix. Fine grains will 
fill the existing gaps and hence make the structure more solid [7, 8]. 
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Fig. 1. Compressive strength of various pozzolanic materials (1: RHA; 2: FA) at various w/c.         
 Table 1. The mineral content on RHA and FA. 
Mineral Compound Content (%) 
RHA FA 
CaO 0.28 2.156 
SiO2 85.94 56.391 
Fe2O3 0.26 12.338 
MgO 0.61 2.064 
K2O 1.36 1.034 
Na2O 0.33 3.754 
Al2O3 - 17.366 
 
 
Two-way ANOVA: Compressive strength (N/mm^2) versus w/c; Pozzolanic Material  
 
Source                DF        SS        MS        F       P 
w/c                    1      196.41   196.41    6.08   0.039 
Pozzolanic Material    1   1199.11  1199.11              37.12   0.000 
Interaction            1         47.68     47.68    1.48   0.259 
Error                  8      258.42     32.30 
Total                 11   1701.62 
 
S = 5.683   R-Sq = 84.81%   R-Sq(adj) = 79.12% 
Fig. 2. Result of two-way ANOVA analysis. 
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The increasing of w/c results in larger pores that are able to lead to the acceleration of drying process. 
The content of free water in large pores will evaporate quickly that can lead to generate microcracking 
[9]. Therefore, it is reasonable that the consequence of higher w/c is the decreasing of compressive 
strength. The ANOVA analysis shown in Fig. 2 below also confirm the argument that shows the P-values 
-value (0.05). It means that the variations of variable 
result in the difference responses. Nevertheless, the compressive strength resulted from this research 
could fulfil the IAEA standard (2.5 N/mm2) and the Russian Federation standard (5 N/mm2) mentioned 
before. 
2. The strontium leaching test on various pozzolanic materials 
The result of strontium leaching rate test is shown in Fig. 3. The figure shows that the strontium 
leaching rate in FA added mortar is 140% higher than in RHA one. There are two reasons that cause it. 
First, it is caused by the lower adsorption capacity of FA (0.72 mg/g) than RHA one (3.16 mg/g). The 
second reason is the content of Na2O (3.7% on FA and 0.33% on RHA) as described in Table 1 above. 
Na2O will react with water as follow: 
 
Na2O + H2O  2 NaOH         (2) 
 
One of the properties of strontium is readily soluble into NaOH and KOH [10]. Therefore, the 
increasing of  Na2O results in the rapid dissolving of strontium into the leachate liquid. 
 
Fig. 3. The strontium leachate rate of various pozzolanic materials. 
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Some studies proved that the RHA and FA have a good ability to adsorb metals [11, 12, 13], so the 
strontium can be well confined on the cement mortar.  It could be seen in Fig. 4 below that the XRD 
analysis shows the decreasing of SiO2 peak after the strontium adsorption process. It is believed that SiO2 
plays a role as an active side in adsorption process followed by ion exchange process. This figure also 
shows that the peak decreasing of FA is lower than RHA. It could be conclude that the number of SiO2 
exchanged in FA is not as greater as RHA one. Therefore, the adsorption capacity of FA is 23% lower 
than RHA. 
 
 
 
 
 
    SiO2                                                                                                                                  
 
 
 
 
  
 
 
 
 
   SiO2                                                                                                                              
 
 
 
 
 
 
 
Fig. 4. The XRD analysis of SiO2 on RHA (left) and FA (right) before (upper) and after (lower) adsorption processes. 
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Waste flow (ml/m)*Initial Sr concentration (ppm) 
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Fig. 5 below shows that the ability of both RHA and FA to adsorb strontium is affected by the flow 
rate of waste and initial concentration of strontium waste. The adsorption ability of both materials 
increases significantly along with the increasing of initial concentration of strontium due to the increasing 
of interaction between the metal particles with the adsorbent (RHA or FA). It leads to the metal 
(strontium) particles to be adsorbed at micropores of adsorbent. 
The effect of waste flow rate is not clearly visible because the difference of flow rate is not significant. 
Although, it is believed that the increasing of waste flow rate results in deeper penetration of strontium 
into the RHA bed that results in strongly trapping of strontium at micropores of RHA. But, it could not be 
seen in FA due to the lower adsorption capacity of FA. 
 
 
Fig. 5. The adsorption ability of both materials at various flow rate of waste and initial concentration of strontium. 
Based on the Fig. 3 above, the 21st day strontium leaching rate is in orde 10-3 gr/cm2.days that meets 
the IAEA standard (10-2 ~ 10-3 g/cm2.days).Therefore, the performance of cementation process using 
RHA or FA as pozzolanic material is able to fulfil the IAEA requirement and to improve the quality of 
cementation. Therefore, they could be applied as an alternative method for strontium waste 
immobilization. 
4. Conclusion 
This research showed that the addition of pozzolanic material increase the compressive strength of 
mortar. The compressive strength of mortar with FA is 158%~253% stronger than RHA one due to the 
difference of SiO2 content and grain size of both materials. The leaching rates of strontium in pozzolan-
mortars are lower than IAEA standard which FA-mortar is 140% higher than the RHA one due to the 
adsorption capacity and the content of Na2O on both materials. So, the addition of pozzolanic material 
can improve the quality of strontium liquid waste cementation. 
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